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Description 

[0001] The present invention relates to non-toxic coating compositions comprising active ingredients which provide 
protection to surfaces coated therewith from attachment of various biofouling organisms. These compositions are ad- 
5 vantageously used in paint, varnish and sealant formulations. 

[0002] The present invention in particular relates to non-toxic coating compositions comprising, a mixture of (i) men- 
thol and/or isopulegol and (ii) at least one further active ingredient (as further defined below). 

[0003] Biocides are commonly used in a variety of coating materials having diverse applications. In marine paints, 
for example, biocides protect underwater structures against attachment of a wide range of biofouling organisms, such 

10 as algae, barnacles, ship worms and other aquatic nuisance species. In lakes and rivers : biocides are used to protect 
underwater structures from freshwater organisms, such as zebra mussels. It has been found that microorganisms, 
their viscous, bio-organic product and absorbed organic matter constitute a tenacious slime which forms on the surfaces 
of submerged structures. The initial organisms in this fouling sequence are bacteria, followed by a biotic progression 
of diatoms, hydrids : algae, bryozoans, protozoans and finally macrofoulants. Macrofoulants tend to be rugophiiic, i.e., 

15 settling on roughened surfaces in preference to smooth surfaces. 

[0004] The fouling of ship bottoms is a longstanding problem, which contributes to speed reduction and increased 
fuel consumption. The problem of fouling is not limited to ships, however, but extends to other underwater structures, 
as well. Buoys can shift due to the excessive weight of fouling organisms. Wood pilings in berthing facilities undergo 
structural weakening and ultimate destruction due to ship worm and fungal attack. The fouling of intake screens of 

20 municipal water supply systems can lead to reduced flow rates and accelerated corrosion. Concrete or ferro-cement 
structures, e.g., dams, are also adversely affected by biofouling organisms. 

[0005] It is understood by those of skill in the art that a marine coating must be water resistant in order to provide 
practical and effective protection. The expression "water resistant," as used in describing the composition of the in- 
vention, refers to its ability to provide a durable, protective barrier that can effectively withstand hydrolytic attack and 

25 is essentially impermeable to water. Water resistance is intrinsically important to marine coatings because, for example, 
it is prohibitively expensive to re-coat most items in marine service, as they must be put into dry-dock or otherwise 
removed from the water in order to be re-coated. It is also desirable, for example, to minimize the time and expense 
of cleaning fouling organisms from the coated surface. The protection provided by a marine coating, therefore, whether 
it be against corrosion, fouling, abrasion, etc., should be effective over a period of at least months, and, ideally, over 

30 at least several years. A coating composition that is not water resistant would be short lived in the water rather than 
meeting the performance criteria of a marine coating. 

[0006] The majority of commercial anti-fouling coatings include organometallic compounds which are potent biocides 
that leach over time from the coating material. Tributyltin (TBT), for example, is known to be highly toxic to shellfish. 
Anderson and Dally, Oceans '86, IEEE Publication #86 CH2363-0 (1 986). Acute toxicity in invertebrates and vertebrates 
35 occurs at concentrations as low as 1 p.g (micrograms) per liter. Laughlin et al., Mar. Ecol. Prog. Ser., 48: 29-36 (1988). 
Cuprous oxide and zinc oxide, which are other commercially used antifoulants, also function by releasing heavy metals, 
i.e., copper and zinc, into the marine environment. 

[0007] In latex architectural paints and wood stains, biocides provide in-can protection against microbiological con- 
tamination that can cause odor and changes in viscosity and color, and protect the dried film and underlying substrate 
to from damaging microorganisms. Such coating materials must likewise be water resistant in order to provide effective 
protection to coated surfaces. 

[0008] Biocides are also conventionally utilized in elastomeric coatings, adhesives, caulks, glazing compounds, joint 
cements and the like, which are also water resistant. 

[0009] Because certain biocides currently used in the above-mentioned products have been shown to be ecologically 
^5 harmful, a number of international agencies, whose missions include monitoring environmental quality, are urging the 
curtailment and eventual termination of their manufacture and use. A proposal has been made by the International 
Maritime Organization (IMO), for example, that all antifoulant coatings that contain TBT, as well as other organotin 
compounds which have a toxic effect on a wide range of marine organisms, would be banned worldwide by the year 
2003. Consequently, manufacturers of such products are faced with the prospect of changing existing formulations to 
50 incjude alternative agents that are, at once, effective in preventing attachment and growth of biofouling organisms and 
environmentally benign. Other criteria that must be taken into account in developing acceptable substitutes for eco- 
logically harmful biocides include chemical compatibility with other components in the coating composition, physical 
compatibility with the dried film and substrate to which the coating is applied, the safety of those handling or using the 
substitute agents themselves or coating materials containing them and the cost of their production. 
55 [001 0] WO 01/9571 8 relates to non-toxic coating compositions which provide protection to surfaces coated therewith 
from attachment of various biofouling organisms using mainly terpenes and terpene derivatives, in particular (-)-men- 
thol, (-)-trans-p-menthan-3,8-diol, (-)-menthyl chloride, 3-[[5-methyl-2-(1 -methylethyl)cyclohexyl]oxy]-1 ,2-propanediol, 
(-)-isopulegol and (-)-menthone. A mixture consisting of equal parts of (-)-menthol and (-)-trans- p-menthan-3,8-diol is 
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described in Example 7 (page 15 and 16), which resulted in a lower percentage of settlement of barnacles. 

[0011] It is therefore one object of the present invention to provide paints or coating compositions with comparable 

or better antifouling activity, preferably over a prolonged period of time, especially 3 - 5 years. 

5 Summary of The Invention 

[0012] In accordance with first aspect, the present invention provides a non-toxic paint or coating composition com- 
prising * - • * - - . . _ 

io (i) menthol and / or isopulegol 

and 



15 



(ii) a compound selected from the group consisting of 

a) menthyl esters of a (preferably natural occurring) hydroxycarboxylic acid having 2 to 6 carbon atoms, which 
are in turn optionally esterified by C r C 4 carboxylic acids on the hydroxy group; 

b) compounds of formula (I): 



20 



R 2 — 0' R 



25 



(I) 



wherein 



30 



35 



Ri represents a C 2 -C 6 -alkylene radical having at least 1 , but not more than 3, hydroxy group(s) and either 
R 2 and R 3 independently of one another represent C r C 10 -alkyl which is optionally substituted by 1 to 3 
radicals from the group comprising hydroxy, amino and halogen, or C 5 -C 7 -cycloalkyl, or C 6 -C 12 -aryl, with 
the proviso that the total amount of the carbon atoms of R 2 and R 3 is not less than 3, 
or 

R 2 and R 3 together represent an alkylene radical which, together with the carbon atom which carries the 
radicals R 2 and R 3 , forms a 5-7-membered ring, it being possible for this alkylene radical, for its part, to 
be substituted by C^Cg-alkyl groups; 



40 



c) compounds of formula (II); 



45 



R a — A 



Y 

o 



B- 



50 



(II) 



55 



wherein 



R a denotes C 4 -C 20 -alkyl, C 5 -C 20 -cycloalkyl or -heterocycloalkyl or C 5 -C 20 -alkoxy, C 6 -C 12 -aryl, C 5 -C 10 - 
heteroaryl or Cy-C^-aralkyl, 
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R b denotes anm + w- n-valent aliphatic C r C 8 radical a cycloaliphatic or heterocycloaliphatic Cg-C^ 
radical, an araliphatic Cy-Cgo radical, an alkoxy- or acyloxy-containing aliphatic C 3 -C 15 radical 

A and B independently of one another denote -O-, -S- or -NH-, 

Y denotes hydroxy, C r C 10 -alkoxy l C 2 -C 6 -acyloxy, amino, mercapto or -O-Z-O- 

Z denotes C r C 6 -alkylene, 

w denotes the valency of the radical Y and 

m and n independently of one another denote integers from 1 to 8, with the proviso that the sum of m + 
n is not more than 12; 

d) compounds of formula (III): 




(in) 

wherein 

R = H and k is an integer from 1 to 4, or R = CH 3 and k is an integer from 0 to 4; 
e) compounds of formula (IV): 




(IV) 



wherein 

R' is H or an alkyl, cycloalkyl, alkenyl, cycloalkenyl, hydroxyalkyl, alkynyl, acyloxyalkyl, alkoxyalkyl, ami- 
noalkyl, acylaminoalkyl, carboxyalkyl radical or an alkylcarboxyalkyl radical of the formula -C H 2 COOR'", 
wherein -C p H 2p is a straight or branched chain alkylene group in which p is an integer from 1 to 6 and 
R ,M is C r C 8 -alkyl, each of said radicals containing up to 25 carbon atoms, and 

R" is hydroxy or an alkyl, cycloalkyl, alkenyl, cycloalkenyl, hydroxyalkyl, alkynyl, acyloxyalkyl, alkoxyalkyl, 
aminoalkyl, acylaminoalkyl, carboxyalkyl radical or an alkylcarboxyalkyl radical of the formula 
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15 



25 



40 



45 



50 



-C p H 2p COOR'", wherein -C p H 2p is a straight or branched chain alkylene group in which p is an integer 
from 1 to 6 and FT is C r C 8 -alkyl ! each of said radicals containing up to 25 carbon atoms; with the proviso 
that when R' is hydrogen FT may also be an aryl radical of up to 10 carbon atoms selected from benzyl 
and substituted phenyl wherein the substituents are selected from C r C 4 alkyl, hydroxy and C n -C 4 -alkoxy, 
nitro and halogen; . ' 

f) compounds of formula (V): 



H 

R x 1 



R Y - 



(V) 

20 wherein 

R # is C^Cs-alkyl, C^Cg-hydroxyalkyl or alkylcarboxyalkyl with up to 6 carbon atoms, 



R x is hydrogen or C,-C 5 -alkyl; and 

R Y and R z independently are C r C 5 -alkyl, 



with the provisos that 

R x , R Y and R z together provide a total of at least 5 carbon atoms, preferably 5-10 carbon atoms, and 
30 when R x is hydrogen, R Y is C 2 -C 5 -alkyl and R z is C 3 -C 5 -alkyl and at least one of R Y and R* is branched, 

preferably in alpha or beta position relative to the carbon atom marked (*) in the formula (V); 

g) compounds of the group 

menthone, menthylmethylether, limonene, monomenthyl succinate 
35 and 

(iii) a film forming agent. 

[0013] Examples of alkyl groups include methyl, ethyl, n-propyl, isopropyl, n-'buty I, sec-butyl, isobutyl and tert.-butyl. 
[0014] Examples of alkenyl groups include ethenyl, propenyl, 2-methyl propenyl, n-butenyl. 

[0015] Examples of alkoxy groups include methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy : isobutoxy, sec. -butoxy, 
tert.-butoxy. 

[0016] All of the isomeric forms of menthol and/or isopulegol and the compounds listed under ii) a) to g), above, may 
be used in practicing this invention, including structural isomers and stereoisomers. 

[0017] The mixture of menthol and/or isopulegol and the compounds listed under ii) a) to g), above, is present in the 
coating composition in an amount effective to inhibit the attachment of biofouling organisms on a surface to which the 
composition is applied as a coating. 

[0018] Also in accordance with this invention, there is provided a paint comprising the above-described composition, 
preferably a marine paint. 

[0019] There is also provided in accordance with this invention certain methods of use of coating materials including 
menthol and/or isopulegol and the compounds listed under ii) a) to g) above. One such method involves protecting a 
surface exposed to an aqueous environment from fouling organisms present in the aqueous environment by applying 
to such surface a coating including one or more of the above-described compounds. Another method entails protecting 
a coated surface from attachment and growth of undesired fungal organisms, such as molds, mildew and the like by 
including in the coating formulation applied to such surface at least one of the above-described compounds. 
[0020] As another aspect of this invention, articles are provided which have a coating of the composition described 
herein on at least a portion of the surface thereof, which provides protection against exposure to the deleterious effects 
of biofouling organisms. 
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[0021] The coating composition described above satisfies all of the above-noted criteria for an environmentally ac- 
ceptable coating product, in that it provides effective protection against attachment and growth of biofouling organisms : 
while producing no known ecologically harmful effect. Moreover, menthol and the compounds listed under ii) a) to g) 
above have been shown to be compatible, both chemically and physically, with conventional marine and other paint 
formulations, are safe to handle and can be obtained at a relatively low cost. 

Detailed Description of The Invention 

[0022] It has been discovered in accordance with the present invention, that the compounds listed under ii) a) to g), 
above, are useful for inhibiting the attachment of biofouling organisms on surfaces, particularly those of underwater 
structures, to which a coating composition comprising one or more such compounds is applied, in particular when they 
are combined with menthol and/or isopulegol. Such a mixture or combination shows a synergistically enhanced activity 
in comparison with menthol and/or isopulegol. 

[0023] As used herein, the term "biofouling organisms" refers to any and all organisms that participate in the fouling 
sequence in both saltwater and freshwater environments, including, without limitation, bacteria, diatoms, hydrids, algae, 
bryozoans, protozoans and macro-foulants. 

[0024] The menthol according to the present invention advantageously is l-menthol or racemic menthol, preferably 
l-menthol. 

[0025] The isopulegol according to the present invention advantageously is (-)-isopulegol or racemic isopulegol, 
preferably racemic isopulegol. 

[0026] Advantageous compounds which have been found to be effective antifouling agents for a prolonged period 
of time are compounds selected from (ii) a), above, i.e. menthyl esters, in particular esters of l-menthol, of beta-hy- 
droxybutyric acid, alpha-hydroxyisovaleric acid, alpha-hydroxycapronic acid, alpha-hydroxy-alpha-methyl-valeric acid, 
glycolic acid and lactic acid, preferred is menthyllactate. This compound is commercially available, e.g. as Frescolat 
ML® (Haarmann & Reimer). Particularly preferred is the ester of l-menthol and racemic lactic acid (1-menthyllactate). 




l-menthyllactate 



[0027] Menthyl esters according to (ii) a), above, are well known and described in DE 26 08 226, incorporated herein 
by reference in its entirety. 

[0028] Advantageous compounds which have been found to be effective antifouling agents for a prolonged period 
of time are compounds selected from (ii) b), above, are compounds of formula (la) to (Id), 




(la) 



(lb) 



EP 1 466 949 A1 





10 



(Ic) 



(Id) 



15 wherein R 1 has the meaning described above, preferably R 1 denotes 



20 



H 

-CHj-C- 



H 

-CH — C- 



CH^-C— CH — 

V \ 



CH 2 OH 



CH 2 CH 2 OH 



H 3 C 



CH 2 OH 



25 



[0029] The preferred compound of (ii) b) is menthone glycerin acetal. This compound is commercially available, e. 
g. as Frescolat MGA® (Haarmann & Reimer). Depending on the starting material and the preparation methods used, 
menthone glycerin acetal can be used as mixtures of optical isomers or in the form of the pure isomers. Particularly 
preferred is a mixture of diastereomers of formula (laa). 



30 



35 




40 



(laa) 



[0030] The compounds according to (ii) b), above : in particular the formulas (la) to (Id), above, are well known and 
described in EP 0 507 190, incorporated herein by reference in its entirety. 

[0031] Advantageous compounds which have been found to be effective antifouling agents for a prolonged period 
of time are compounds selected from (ii) c), above, are compounds of formula (lla) to (llj), 



50 



55 



7 
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20 




(Hi) (Hj) 

25 

[0032] Particularly preferred are menthol glycol carbonate (I la), menthol propyleneglycolcarbonate (lib) and menthol 
glycerin carbonate (lie). Depending on the starting material and the preparation methods used, the carbonates (lla), 
(lib) and (lie) can be used as mixtures of optical isomers or in the form of the pure isomers. Preferred are the compounds 
(lla), (lib) and (lie) as derived from l-menthol. The compounds according to (ii) c), above, in particular the formulas 

30 (Ma) to (llj), above, are well known and described in EP 0 583 651 , incorporated herein by reference in its entirety. 

[0033] Advantageous compounds which have been found- to be effective antifouling agents for a prolonged period 
of time are compounds selected from (ii) d), above, are menthyl methoxyacetate and menthyl 3,6-dioxaheptanoate, 
particularly preferred are the menthyl esters of l-menthol. The compounds. according to (ii) d), above, are well known 
and described in DE 191 547 and EP 1 034 161 , incorporated herein by reference in their entirety. 

35 [0034] The preferred compound which has been found to be an effective antifouling agent for a prolonged period of 
time selected from (ii) e), above, is N-ethyl-p-menthane-3-carboxamide of formula (IVa) (also known as WS-3, com- 
mercially available) which can be used as a mixture of optical isomers or in the form of the pure isomers, advantageous 
is the isomer of formula (IVb). 



45 




(IVa) (IVb) 



[0035] The compounds according to (ii) e), above, are well known and described in US 4,136,163, incorporated 
5 5 herein by reference in its entirety. 

[0036] The preferred compound which has been found to be an effective antifouling agent for a prolonged period of 
time selected from (ii) f), above, is 2-isopropyl-N-2,3-trimethylbutanamide of formula (Va) (also known as WS-23, com- 
mercially available). 
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30 



35 



40 
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(Va) 



byflLelce in°ite P en U tireJy aCC ° rdin9 '° ^ °' *"* deSCribed in US 4,230,688, incorporated herein 

[0038] The ratio by weight of menthol and/or isopulegol to the total of compounds listed under ii) a) to q) above 
typically between 20 . 1 and 1 : 5, preferably between 1 0 : 1 and 1 : 2. When menthol and isopulegol are used together 
n the composition, the ratio of menthol : isopulegol typically lies in the range of 1 : 10 and 10 : 1. preferably between 

[0039] In a preferred embodiment a combination of menthol, isopulegol and menthol propyleneglycol carbonate 
is used; the ratio of isopu.egol : menthol being 3 : 1 to 1 : 2, the ratio of menthol propyleneg.yco. carbonate : isopulegol 
memhol is about t • 2 .^^ Preferred embodiment tne ratio menth °' propyleneglycol carbonate : isopulegol : 

[0040] The compounds used in the present invention may be synthesized from readily available starting materials 
using known synthet.c routes or are commercially available. 9 malena,s 

S^h 1J H 0pt / 0n A aM * the com P°sitions according to the invention may comprise cyclic alpha-keto enamines as de- 
ffn Z Chem ' 49 ' 5383 " 5390 < 2001 ). Preferably 5-methy<.4-(1-pyrrolidiny.)-3-[2HJ-furanone 

4,5-d l meth y l-3-(1-pyrrolidinyl)-2[5H]-furanoneand4- m ethyl-3-(1-pyrrolidinyl)-2t5H]-furanone ' 
[0042] Menthol and/or isopulegol and the compounds listed under ii) a) to g) , above, may be included in a conventional 
paint composmon as the so.e antifouling agent, or added in combination with other antifou.ing agents biocides anti- 
biotics and natural products or extracts to produce an additive or synergistic effect on attachment of biofouling orqan- 
mTthvi n! mP k h n ° i n " t f X ' C an " fou,in 9 a 9 ents include Cecalactone, alpha-angelicalactone, alpha-santonin alpha- 
methyl-gamma-butyrolactone and alantolactone. Exemplary biocides (fungicides and algaecides) include isothiazolo- 
cide (S A ^ f 63 T 2 V } ' 2inC ° madine ® ( 2 -Py ridine thi 0l -1 -oxide, zinc complex), ch.orotha.onil, and triazine a.gae- 
c.de. A typical example of a suitable antibiotic is tetracycline, which is a registered antifoulant 

irn«ni m !I e ,r 0l t a f nCl ? r ! S0PUl t 901 ^ ^ com P ounds listed under "> a) to g), above may also be combined with 

SSLTSS ?: ' SU tribUty ' ^ ° r tripheny ' ° r in ° r9aniC antif -' a "ts such as zinc oxide or cuprous 
oxide, to reduce the total amount of toxic antifoulants in a given coating material 

r c ^oo^ n/iTh f t rmin9 H C r P °T n J ° f ^ C ° mp0Siti0n 0f the P resent inven «i°n may be any component or combination 
of components that is readily appl.ed and adheres to the surface to be protected when the surface is submerged The 
specfic film-formmg component to be selected for a particular application will vary depending on the material and 
constructs of the article «o be protected and the performance requirements thereof. After a surface L pTov ded S • 
a protective coat.ng in accordance with this invention, the active ingredients menthol and/or isopulegol and at least 

Z. C r POlJ t !k Under H) 8) 10 9) ' that PrSSent 10 thS C03tin 9 Comes in contact biofouUng organiims 
thereby preventmg their attachment. A variety of synthetic polymers are useful for this purpose. Examples o 2 

polymer resins include unsaturated polymer resins, vinyl ester, vinyl acetate, and vinyl chloride based resins and ure- 
thane basec I resins. Unsaturated polyester resins are formed from unsaturated acids and anhydrides, saturated acids 
and anhydrides g yco.s. and glycol monomers. Preferred film-forming components are mixtures of natural rosin and 
viny. chloride-vinyl acetate co-polymers. A commercial marine paint vehicle which is suitable for the prac Z of this 
invention ,s Amerlock 698, a product of Ameron International, Pasadena, CA. Comparable marine paint vehicles Te 
also available from Jotan, AS, Sandefjord, Norway. vemcies are 

ind 4 the JmnZH 09 Th P °f ^ °! j he ™* nt]on ma V include components in addition to menthol and/or isopu.ego. 
and the compounds hsted under >,) a) to g), above, and a film-forming component, so as to confer one or more desirable 
properties such as increased or decreased hardness, strength, increased or decreased rigidity, reduced drag in 
cTZlnZrtT . permeablllt *° r im P roved water resistance. The selection of a particular component or group of 
ft °2 ne " s to ,m P art such Properties are within the capabilities of those having ordinary skill in the art 
» beTnc JpreTerred 03 C ° mP ° Siti0n ° f the preSent invention ma V be «sed in various paint formulations, marine paints 

[0047] The percentage of the active agent (be it a single compound or a mixture), i.e. one or more of the compounds 
hsted under „) a) to g) above and, preferably, menthol and/or isopulegol, in the coating composition required lor eS 
protection against b.ofouhng agents may vary depending on the active agent itself, the chemical nature of the ^ 
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former, as well as other additives present in the composition that may influence the effectiveness of the active agent. 
Generally, the active agent comprises between about 0.01 and about 50 percent of the coating composition by weight, 
and preferably between about 0.1 and about 1 0 percent by weight of the composition. 

[0048] The compounds listed under ii) a) to g), above and s if present, menthol and/or isopulegol may be included in 

5 a non-toxic paint : coating composition or paint formulation during the paint/coating manufacturing processes or added 
to the paint/coating base mixture at the time of use. Menthol and/or isopulegol (if present) and the compounds listed 
under ii) a) to g) : above, can be simply mixed into the film-forming components. This is known as a "free association" 
coating, which allows leaching of the menthol and/or isopulegol and the compounds listed under ii) a) to g), above, 
from the film-forming components. The antifouling agent may be covalentiy bound to the resin, known as "ablative or 

10 self-polishing coating" and is released only after the bond hydrolyzes in seawater. Controlled hydrolysis permits a slow 
release rate while creating a hydrophilic site on the resin. A new layer of bound menthol and/or isopulegol and com- 
pounds listed under ii) a) to g), above, is then exposed when the hydrolyzed layer is washed away. See also, Tiller et 
al. in Proc. Natl. Acad. Sci., 2001 , 98, 5981-5985, the entire contents of which are incorporated by reference herein. 
Furthermore, menthol and/or isopulegol (if present) and the compounds listed under ii) a) to g), above, may also be 

*5 incorporated with slow release materials which permit the controlled release of the compounds into the matrix of the 
coating, thereby prolonging the effectiveness of the coating and reducing the amount of compounds necessary to 
produce the antifouling effect. Encapsulation into such slow release materials also protects menthol and/or isopulegol 
and the compounds listed under ii) a) to g), above, from the harsh chemical milieu of the coating and would reduce 
degradation of the compounds while trapped in the resin, if they were susceptible to degradation. Examples of these 

20 slow release materials include: a) microcylinders composed of metallic cylinders or modified molecules such as 
1 : 2-bis-(10,12-tricosadinoyl)-glycer-3-phosphochoNne; (b) liposomes; and (c) cyclodextrins. 

[0049] While not wishing to be bound to a specific theory regarding the mechanism of action, it is believed that the 
active agent of the coating composition of this invention, i.e. menthol and/or isopulegol and at least one of the com- 
pounds listed under ii) a) to g), above, function by producing an environment at the surface of a coated substrate which 

25 repels biof ouling organisms, thereby preventing their attachment and growth on the coated surface. In this connection, 
it is conjectured that the menthol and/or isopulegol and the compounds listed under ii) a) to g), above, act as antifoulants 
by interacting with the cold receptors of the fouling organisms to induce chemotaxis. It is believed that this interaction 
need not be permanent, and accordingly there is no need for the menthol and/or isopulegol and the compounds listed 
under ii) a) to g), above, to be irreversibly consumed in order to exhibit antif oulant activity. It would therefore be desirable 

30 to attach the menthol and/or isopulegol and the compounds listed under ii) a) to g), above, covalentiy to the film-forming 
agent, thereby obtaining a coating whose antifoulant ingredient will not be released into the marine environment. The 
inhibitory effect on the microorganisms may, however, be produced by inhalation, respiration, digestion or imbibition 
of the active agent by the microorganisms. 

[0050] Also within the scope of this invention is any article having a surface coated with a coating containing menthol 
35 and/or isopulegol and at least one compound listed under ii) a) to g), above. The coated articles of the invention can 
comprise any material to which biofouling organisms are prone to attach, such as metal, wood, concrete, plastic, com- 
posite and stone. Representative examples of articles which may benefit from a coating which inhibits attachment and 
growth of such organisms include boats and ships, and particularly their hulls, berthing facilities, such as piers and 
pilings, buoys, offshore rigging equipment, intake screens for water distribution systems and decorative or functional 
40 cement or stone formations. 

[0051] Further aspects of the present invention are the following: 

The use of a compound selected from the group consisting of any of the compounds listed under ii) a) to g) above, 
and mixtures thereof, as antifouling agent. 



45 



50 



55* 



The use of a compound selected from the group consisting of any of the compounds listed under ii) a) to g) above, 
and mixtures thereof, for protecting a surface exposed to an aqueous environment from fouling organisms present 
in said aqueous environment. 

The use of a compound selected from the group consisting of any of the compounds listed under ii) a) to g) above, 
and mixtures thereof, for producing a marine paint composition for protecting a surface exposed to an aqueous 
environment from fouling organisms present in said aqueous environment. 

In the uses stated before the compound is preferably selected from the group consisting of l-menthyllactate, men- 
thone glycerin acetal, menthol glycol carbonate (J la), menthol propyleneglycol carbonate (Mb), menthol glycerin 
carbonate (lie), N-ethyl-p-menthane-3-carboxamide, 2-isopropyl-N-2 : 3-trimethylbutanamide, menthyi methoxya- 
cetate, menthyi 3,6-dioxaheptanoate, and mixtures thereof. 
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A marine paint composition comprising 



S l^ZTZT* Se ' eCledfr0m ^ 9r ° UP C ° nSiStinS ° f the C ° mp0UndS ' isted ^ »> •> ^ 9) above, 

c) optionally, one or more typical additives, and 

d) optionally, menthol and / or isopulegol, 

wherein the total amount of components a) and. if present d) is effective for inhih.r 

enhanced actMy (se. Examp," 2 bi»w) 9 " " " 35 * UCf ' mMU " 8I10WS a =>™'3«ttoally 

in no way ba aonatna.d aa limillngZ im.nfa Z ".nwHoda and coated artfclaa oltna invention, andahowd 
----.-cc^andfo^^^^ 

EXAMPLE 1 

AntifoulingTest Methods 

a.. Collection and Culture of Barnacles 

£2 a^^^ W6re C0 ' ,eCted ,r ° m ^ 8 ~" M — search 

lectedforculture^othecypridstagefo^ 

The cyprid is the stage at which L barnaCe a.a S to^SSS^ EC °\ 82:131 " 146 («84). 

the larva then undergoes metamorphosis into a barnacle P ° n at,achment t0 a surface. 

b. Settlement Assay 

ST ^^55^ method described previous* by Rittschof et a, , 

at salinity of 33-35 parts per thousand pptfLnd into wLh 3 dl' T ^ ™' d W " h 5 ml ° f fi,tered seaw *^ 
isopulegol and/or compounds fisted under ,1 I* « ? ^ 51396 '^^ Were 3dded ' Menth °' and/or 

containing seawater. Controls wire I^^S't^ZT h * Van '° US COncentratio - '•*> the dishes 

II and Table III. oarnacle larvae present ,n a test sample. The results are shown in Table 

[0057] The racemic (±) compounds are denoted with the prefix rac-. 



TABLE 1 


COMPOUND 


Ec so (mg/ml) 


1R,2S,5R-(-)-menthol (= l-menthol) 

1S,2R,5S-(+)-menthol 

rac-menthol 

(-)-menthone 

(-)-isopulegol 

rac-isopulegol 


4*10-3 (see WO 01 /9571 8) 
0.1 (see WO 01/95718) 
0.1 (see WO 01/95718) 
0.001 (see WO 01/95718) 
8.8 * 10-5 (see WO 01/95718) 
2,9* 10-5 


mentylmethylether 


1,1 * 10- 4 


l-menthyl propyleneglycol carbonate 


2,2 * 1 0-6 


l-menthyl lactate 


2,0 * 1 0'6 
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TABLE I (continued) 



COMPOUND 


EC 50 (mg/ml) 


rac-menthone glycerin acetal 
menthone glycerin acetal 
d-limonene 


4,9 * 10-5 
5,2 * 10-7 
2,9 * 1 0-5 



TABLE II 



10 



15 



20 



25 



30 



35 



40 



45 



50 









COMPOUNDS 


ratio by 
weight 










l-menthol / l-menthone 

l-menthol / l-menthone / d-isomenthone 

l-menthol / rac-menthone 

l-menthol / rac-isopulegol 


60 : 40 
60 : 30 : 10 
60 : 40 
50 : 50 


1 ,5 * 1 0- 6 

2.1 * 10-7 

3.2 * 10-7 
1,8 * 10-5 



EXAMPLE 2 

Inhibition of Fouling Organisms Using 
a Marine Paint Composition Containing 

(-)-menthol, rac-isopulegol and l-menthol propyleneaqfycol carbonate Separately and in Combination 

[0058] A floating platform was constructed using layers of bamboo and styrofoam floats. The platform was designed 
with holders to accommodate test panels measuring 4 inches x 12 inches x 0.25 inches. 

[0059] A first experimental paint was prepared, containing a biocidally effective amount of cuprous oxide and no 
other biocide which was used as the control. To this composition was added a combination of 0.5% by weight of rac- 
isopulegol, 0.25% of (-)-menthol and 0.25% of l-menthol propyleneglycol carbonate (Composition A). A second paint 
composition was prepared from the same marine paint vehicle containing cuprous oxide, to which was added 2% by 
weight of (-)-menthol (Composition B). A third formulation was made from the same cuprous oxide-containing marine 
paint vehicle, to wh-ich was added 2% by weight of rac-isopulegol (Composition C). A fourth formulation was made 
from the same cuprous oxide-containing marine paint vehicle, to which was added 2% by weight of l-menthol propyl- 
eneglycol carbonate (Composition D). 

[0060] Solid iron panels having the above-mentioned dimensions were painted with the paint formulations thus pre- 
pared, placed in the holders in the floating platform and submerged continuously near the center of Bitac Cove in San 
Dionisio Bay (Philippines) for a period of 78 weeks. The panels were examined for a few minutes every three months 
and immediately resubmerged after photography. After 78 weeks, the panels were removed and inspected. The num- 
bers of barnacles attached to the panels were counted. The major fouling organisms included the barnacle, Balanus 
amphitrite communis, and the rock oyster, Crossostrea cucutata. 

[0061] The data obtained are set forth in Table 111 below. These data show that rac-isopulegol, 0.25% of (-)-menthol 
and 0.25% of l-menthol propyleneglycol carbonate each are effective antifouling agents with settlement rates of 1 6.1 , 
12.2% and 23.4%, respectively. When the. three compounds were used in combination at the lower concentrations of 
0.5% and 0.25% respectively the protective effect was more evident, with a settlement rate of 2.0%. 

TABLE III 



Concentration (% bv weight) 


PAINT COMPOSITION 


racemic 




(-)- 


l-menthol propyleneglycol 


% 




isopulegol 




menthol 


carbonate 


Settlement 


CONTROL 


0 




0 


0 


100 


COMPOSITION A 


0.5 




0.25 


0.25 


2.0 


COMPOSITION B 






2.0 




16.1 



55 
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TABLE ill (continued) 



Concentration (% bv weight) 


PAINT COMPOSITION 


racemic 
isopulegol 


(-)- 

menthol 


l-menthol propylenegiycol 
carbonate 


% 

Settlement 


COMPOSITION C 


2.0 








12.2 


COMPOSITION D 








2.0 


23.4 



[0062] The foregoing example clearly demonstrates that the compositions of the present invention containing menthol 
and/or isopulegol and compounds listed under ii) a) to g) : above, are effective in preventing the attachment of fouling 
marine algae and planktonic organisms on the surfaces of underwater structures to which the composition is applied 
as a coating. These data further show the long lasting activity of the compositions of the invention and the synergistic 
effect of the components on each other. 



Claims 

1 . A non-toxic paint or coating composition comprising 

(i) menthol and / or isopulegol 
and 

(ii) a compound selected from the group consisting of 

a) menthyl esters of a natural occuring hydroxycarboxylic acid having 2 to 6 carbon atoms, which are ii 
turn optionally esterified by C 1 -C 4 carboxylic acids on the hydroxy group; 

b) compounds of formula (I): 



(I) 

wherein 

R 1 represents a C 2 -C 6 -alkylene radical having at least 1 , but not more than 3, hydroxy group(s) and 
either R 2 and R 3 independently of one another represent C 1 -C 10 -alkyl which is optionally substituted 
by 1 to 3 radicals from the group comprising hydroxy amino and halogen, or C 5 -C 7 -cycloalkyl, or 
C 6 -C 12 -aryl, with the proviso that the total amount of the carbon atoms of R 2 and R 3 is not less than 3, 
or 

R 2 and R 3 together represent an alkylene radical which, together with the carbon atom which carries 
the radicals R 2 and R 3 , forms a 5-7-membered ring, it being possible for this alkylene radical, for its 
part, to be substituted by C r C 6 -aJky! groups; 

c) compounds of formula (II): 
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wherein 

15 R a denotes C 4 -C 20 -alkyl, C 5 -C 20 -cycloalkyl or -heterocycloalkyl or C 5 -C 20 -a!koxy : C 6 -C 12 -aryl, 

C 5 -C 10 -heteroary! or Cy-C^-aralkyl; 

R b denotes an m + w • n-valent aliphatic C r C 8 radical, a cycloaliphatic or heterocycloaliphatic C 3 -C 15 
radical, an araliphatic C 7 -C 20 radical, an alkoxy- or acy I oxy -containing aliphatic C 3 -C 15 radical; 
A and B independently of one another denote -CK -S- or -NH-; 
20 y denotes hydroxy, C r C 10 -alkoxy s C 2 -C 6 -acyloxy, amino ! mercapto or -O-Z-O-; 

Z denotes C^Cg-alkylene; 
w denotes the valency of the radical Y and 

m and n independently of one another denote integers from 1 to 8, with the proviso that the sum of 
m + n is not more than 12; 



25 



30 



35 



40 



45 



d) compounds of formula (III): 




(no 



wherein 

R = H and k is a whole number from 1 to 4, or R = CH 3 and k is a whole number from 0 to 4; 
e) compounds of formula (IV): 
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(IV) 



wherein 



R' is H or an alkyl, cycloalkyl, alkenyL cycloaikenyl, hydroxyalkyl, alkynyl, acyloxyalkyl, alkoxyalkyl, 
aminoalkyL acylaminoalkyL carboxyalkyl radical or an alkylcarboxyalkyl radical of the formula 
-CpHgpCOOR'", wherein -C p H 2p is a straight or branched chain alkylene group in which p is an integer 
from 1 to 6 and R ,M is C 1 -C 8 -alkyl ! each of said radicals containing up to 25 ca'rbon atoms, and 

R" is hydroxy or an alkyl, cycloalkyL alkenyl, cycloalkenyl, hydroxyalkyl, alkynyh acyloxyalkyl, alkoxy- 
alkyl, aminoalkyl, acylaminoalkyl, carboxyalkyl radical or an alkylcarboxyalkyl radical of the formula 
-C p H 2p COOR ,, \ wherein -C p H 2p is a straight or branched chain alkylene group in which p is an integer 
from 1 to 6 and R ,M is C^Cg-alkyl, each of said radicals containing up to 25 carbon atoms; with the 
proviso that when R' is hydrogen R" may also be an aryl radical of up to 10 carbon atoms selected 
from benzyl and substituted phenyl wherein the substituents are selected from C r C 4 alkyl, hydroxy 
and C^C^alkoxy, nitro and halogen; 

f) compounds of formula (V): 



R # is C^Cg-alkyl, C 1 -C 8 -hydroxyalkyl or alkylcarboxyalkyl with up to 6 carbon atoms, 
R x is hydrogen or C 1 -C 5 -alkyl; and 
R Y and R z independently are C r C 5 -alkyl, 
with the provisos that 

R x , R Y and R z together provide a total of at least 5 carbon atoms, preferably 5-10 carbon atoms, and 
when R x is hydrogen, R Y is C 2 -C 5 -alkyl and R z is C 3 -C 5 -alkyl and at least one of R Y and R 2 is branched, 
preferably in alpha or beta position relative to the carbon atom marked (*) in the formula (V); 




(V) 



wherein 



g) compounds of the group 

menthone, menthylmethylether, limonene, monomenthyl succinate 
and 
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(iii) a film forming agent. 

2. A composition according to claim 1 , wherein said compounds are present in an amount from about 0.01 to about 
50 percent by weight of said composition. 

3. A composition according to claim 1 , wherein the compound selected from (ii) a) : above, is l-menthyllactate. 

4. A composition according to claim 1 , wherein the compound selected from (ii) b) : above : is menthone glycerin acetal. 

5. A composition according to claim 1 , wherein the compounds selected from (ii) c), above, are menthol glycol car- 
bonate (I la), menthol propyleneglycol carbonate (lib) and menthol glycerin carbonate (lie). 

6. A composition according to claim 1, wherein the compound selected from (ii) e) : above, is N-ethyl-p-menthane- 
3-carboxamide. 

7. A composition according to claim 1, wherein the compound selected from (ii) f) : above, is 2-tsopropyl-N-2.3-tri- 
methylbutanamide. 

8. A composition according to claim 1 comprising menthol., isopulegol and menthol propyleneglycol carbonate. 

9. A paint comprising the composition of claim 1 . 

10. A paint according to claim 9 S which is formulated as a marine paint. 

1 1 . Use of a composition according to any of claims 1 -7, or a paint according to claim 9 or 1 0 for protecting a surface 
exposed to an aqueous environment from fouling organisms present in said aqueous environment. 



12. A method for protecting a surface exposed to an aqueous environment from fouling organisms present in said 
aqueous environment, which comprises applying to said surface a coating including menthol and/or isopulegol 

30 and at least one compound listed under ii) a) to g) in claim 1 . 

1 3. A method according to claim 1 1 , wherein said coating composition is applied to said surface by brushing, spraying 
or dipping. 



14. An article having an underwater surface, at least a portion of said surface being coated with the composition of 
claim 1 . 

15. An article according to claim 14 in the form of a ship hull. 

16. Use of a compound selected from the group consisting of any of the compounds listed under ii) a) to g) in claim 
1 , and mixtures thereof, as antifouling agent. 



17. Use of a compound selected from the group consisting of any of the compounds listed under ii) a) to g) in claim 
1, and mixtures thereof, for protecting a surface exposed to an aqueous environment from fouling organisms 

45 present in said aqueous environment. 

18. Use of a compound selected from the group consisting of any of the compounds listed under ii) a) to g) in claim 
1 , and mixtures thereof, for producing a marine paint composition for protecting a surface exposed to an aqueous 
environment from fouling organisms present in said aqueous environment. 



19. Use of a compound selected from the group consisting of any of the compounds listed under ii) a) to g) in claim 
1, and mixtures thereof, for synergistically enhancing the antifouling effect of (a) menthol, (b) isopulegol or (c) a 
mixture of menthol and isopulegol. 

20. Use according to any of claims 16-19, wherein the compound is selected from the group consisting of l-menthyl- 
lactate, menthone glycerin acetal, menthol glycol carbonate (lla), menthol propyleneglycol carbonate (lib), menthol 
glycerin carbonate (lie), N-ethyl-p-menthane-3-carboxamide, 2-isopropyl-N-2,3-trimethylbutanamide/ menthyl 
methoxyacetate, menthyl 3,6-dioxaheptanoate, and mixtures thereof. 
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. Marine paint composition comprising 



a) one or more compounds selected from the group consisting of the compounds listed under ii) a) to g) in 
claim 1 , 

b) a film forming agent, 

c) optionally, one or more typical additives, and 

d) optionally, menthol and / or isopulegol, 

wherein the total amount of components a) and, if present, d) is effective for inhibiting or preventing fouling organ- 
isms, when the marine paint is applied to a substrate and the substrate is thereafter exposed to sea water. 
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SHEET B EP 03 00 8352 



The Search Division considers thatthe present European patent application does not comply with the 
requirements of unity ol invention and refates to several inventions or groups of inventions, namely: 

1. Claims: 1-2 (part), 9-21 (part) 

Claims 1-2 and 9-21 insofar as the subject-matter of the 
claims relates to a composition comprising 
(i) menthol and/or-i sopul egol and (ii) compound of g) and 
(iii) film-forming agent. 



2. Claims: 1-2 (part), 3, 9-21 (part) 

Claims 1-2 and. 3 as well as 9-21 insofar as the 
subject-matter of the claims relates to a composition 
comprising 

(i) menthol and/or isopulegol and (ii) compound of a) and 
(iii) film-forming agent. 



3. Claims: 1-2 (part) ,4,9-21 (part) 

Claims 1-2 and 4 as well as 9-21 insofar as the 
subject-matter of the claims relates to a composition 
comprising 

(i) menthol and/or isopulegol and (ii) compound of b) and 
(iii) film-forming agent. 



4. Claims: 1-2 ( part ), 5 , 8,9-21 (part) 

Claims 1-2 and 5 as well as 8 and 9-21 insofar as the 
subject-matter of the claims relates to a composition 
comprising 

(i) menthol and/or isopulegol and (ii) compound of c) and 
(iii) film-forming agent. 

5. Claims: 1-2 (part), 9-21 (part) 

Claims 1-2 and 9-21 insofar as the subject-matter of the 
claims relates to a composition comprising 
(i) menthol and/or isopulegol and (ii) compound of d) and 
(iii) film-forming agent. 



6. Claims: 1-2 (part), 6, 9-21 (part) 

Claims 1-2 and 6 as well as 9-21 insofar as the 
subject-matter of the claims relates to a composition 
comprising 

(i) menthol and/or isopulegol and (ii) compound of e) and 
(iii) film-forming agent. 
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(i) menthol and/or isopulegol and (ii) compound of f) and 
(iii) film-forming agent. 
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